Supplementary Results
shows a FRET peak around 0.71 ± 0.17, accompanied by a peak at 0.94 ± 0.06 (Supplementary Figure   S8B ). The lower mean FRET value and larger width of the Bsu mid-FRET state is consistent with our observations in NMR buffer (Supplementary Figure S6) and shows that the ligand-free Tte riboswitch is more compact than the Bsu riboswitch in the absence of Mg 2+ . Increasing the Mg 2+ concentration at constant ionic strength results in a higher mean FRET value and smaller width of particularly the mid-FRET state for both riboswitches (Supplementary Figure S8 ), suggesting that this ensemble becomes more compact and ordered. In addition, the relative fraction of the high-FRET state increases, approaching ~34% and ~36% at 10 mM Mg 2+ for the Bsu and Tte riboswitches, respectively. These values are similar to the fractions of high-FRET state at high ligand concentrations. We conclude that high concentrations of Mg 2+ alone, in the absence of ligand, can induce compact folded-like conformations, consistent with recent studies of the SAM-II riboswitch (59, 64) .
To further reconcile our smFRET data with those from the previous NMR study of the ligand-free Bsu riboswitch (25, 36) , we studied the buffer dependence of the Bsu riboswitch using solution-state NMR. Our previous NMR studies of the Bsu aptamer revealed a kissing-dimer interaction involving the palindromic L2 loop sequence 5'-U 9 AGCUA 14 -3' ( Figure 1C ) (36) , as observed also for other preQ 1 riboswitches (23) .
A double C12U/C15U mutant eliminates dimer formation at the high concentrations used for NMR (25, 36) . We observed that, in contrast to the wild-type Bsu aptamer, Mg 2+ addition now causes significant chemical shift perturbations in the absence of ligand; notably, residues around the ligand binding site move to unusual spectral positions that are typically associated with tertiary interactions (Supplementary Figure S7 ), suggesting that the ligand binding pocket is in a folded-like conformation. Yet some of these new NMR resonances differ from those in the ligand-bound conformation (Supplementary Figure S7) , indicating a distinct Mg 2+ -dependent conformation. In addition, resonances corresponding to the 3' tail interacting with the P1 helix are not observed, indicating that it does not stably dock with the helix even upon addition of Mg 2+ . These findings agree closely with our smFRET-monitored Mg 2+ titration (Supplementary Figure S8 ) and together provide strong evidence that the capacity to form dimers at the high concentration used for NMR as well as buffer differences, mainly Mg 2+ account for the discrepancies between smFRET and NMR studies of the ligand-free Bsu riboswitch. This is also clearly demonstrated in a recent NMR study on the Fnu preQ 1 riboswitch (28) . Teriary contacts were enforced through the use of flat-well NOE distance constraints with k max =k min =f max =2.0 kcal/mol. The constraints were centered on the interaction distances found in chain A of the 3FU2 crystal structure (21) and the well width was set to 1 Å. Letters in parentheses denote whether the constraint used was between two base atoms (B), or between a base and a sugar atom (S), or both (B,S). The mean FRET value (E) corresponding to each distance distribution was obtained by assuming complete averaging over the TOPRNA generated ensembles using the following equation (65):
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Here, r is the end-to-end distance of a given conformer, R 0 is the approximate Förster radius indicated, and d l is an additional distance added to estimate possible increases in fluorophore-fluorophore distances that may be expected from the unsimulated linkers.
